INTRODUCTION
In competition with large and costly accelerators, less expensive conventional techniques of 14C low-level measurement are expected to remain in use in the future if sufficient carbon is available for analysis. Attempts to further improve the relatively simple method of liquid scintillation counting of 14C appear rewarding. 
where o-'(n1), o-'(n°) and o-'(n1,2) where nst = n1,-n0 = 13.56 1 x = counting efficiency x = amount of carbon [g] T = counting time for sample, blank and 14C standard [min] and if o-'(n1) o-'(n0) 1.96 /no/r .
418
Techniques Consequently, a decrease of o-'(c)/c and cmin might be obtained through an extension of the counting time ?, a lowering of the blank count rate no, and an increase of the 14C standard count rate nit. However, for routine measurements, the counting time per sample is usually limited to the order of about 1000 min. The blank count rate can be reduced to a certain degree, in a simple manner, if the liquid scintillation counter can be placed in a sub-surface laboratory or in a room shielded with low-activity heavy concrete. The effect of an additional anticoincidence shielding will be discussed in the section on CO2 absorption.
Since the counting efficiency cannot be increased substantially, attempts were made to lower o-'(c)/c through the measurement of more carbon than is usual. This can be achieved by synthesizing more benzene than is commonly done or by absorbing larger than usual amounts of CO., in suitable scintillation solutions.
Benzene synthesis technique Synthesis of benzene from CO2 obtained through combustion or acid treatment of carbon-bearing samples and subsequent liquid scintillation counting is, besides gas counting, a widely used conventional method of low-level 14C analysis (eg, Burleigh, Hewson, and Matthews, 1977 It may be noted that window settings different for small and large ben- The curves have been calculated from equation (2) with the values taken from table 1 and related to a measuring time of 1000min each for a sample, a 14C standard and a blank.
For comparison, data for methane gas counting are indicated by "0" (2.6g C) and "X" (3.9g C). Radon: Contrary to general experience with small benzene samples, counting of freshly prepared 24m1 benzene samples gave, in few cases, up to 5cpm in the energy range above the '4C spectrum. This is due to the presence of 222Rn, which at least partly, can originate from the catalyst. About 20 percent of the "overflow" count rate appears in the 14C window. Such samples must be stored for several weeks as is frequently done for gas counting.
Long-time measurements: The application of Pearson's chi-square test to the measurement results suggests a total counting time of 1000min to be, in most cases, meaningful for blanks, whilst a shorter time could be appropriate for 14C standards or samples with similar activity. In order to obtain information on the long-time stability under the most favored conditions, a blank of lOml reagent-grade benzene was counted in a fixed position for 24,000 min. No significance difference between o and °exp was observed. However, the practically meaningful measuring times seem to be essentially shorter. This is suggested by the result of applying the chi-square test to 2000 min counts of 10 synthesized blanks containing 24m1 of benzene, and to 4000 min counts of 6 synthesized blanks containing lOml of benzene. Following these and other experiences, we conclude that, for the limitation of the meaningful counting time, instrumental instabilities are less significant than reproducibility of sample preparation (depending, among other things, on the purity of the lithium), stability of the sample, variations in vial characteristics and difficult to recognize radon contents. However, the final determination of meaningful counting times requires further study, one reason being that these investigations are exceedingly time-consuming. G02 absorption method A significant simplification of sample preparation is possible if several grams of carbon are available and a somewhat lower precision and higher detection limit are sufficient than can be achieved on benzene samples. This might be the case, for example, with many hydrogeologic investigations.
A known preparation technique for liquid scintillation counting of 14C-labelled compounds consists in binding combustion CO2 by amines. The thus formed carbamates are mixed with a scintillator in commercial 24m1 vials (eg, Rapkin and Reich, 1972) . In order to obtain, on this basis, 16Om1 of a scintillation solution with up to 5.3g of sample carbon, a simple preparation line was constructed (fig 3) . Following flushing with N2, a CO2 absorbing solution (Luma-Sorb I, Lumac, or Carbosorb, Packard Co) and scintillator (Carbo-Luma, Lumac, or Permafluor V. Packard Co) are filled into the apparatus and mixed in a ratio of 1:1. The CO2 generated from the sample as usual, is bubbled through the Liquid scintillation counter for large samples For measurement of large samples of low-energy beta emitters, a special measuring chamber was constructed and connected to a conventional liquid scintillation counter. Following extensive tests, the construction shown in figure 4 , with a sample volume of 160m1, was found optimum for 14C measurements in several grams of carbon as well as for the determination of 3H in water samples. Sample containers are made from cylindrical quartz tubing with end-windows of Herasil I (Heraeus, Hanau) and have an outside reflective coating of titanium dioxide (see also L'Orange, 1969) . Shielding against radioactive environmental radiation is provided by layers of Pb, Hg, Cd and Cu with a total thickness of llcm.
For counting, the sample container is positioned in the opened measuring chamber, the high-voltage at the photo-tubes being shut off. Following the closure of a shielding segment, light-tight shutters between sample and photo-tubes are lifted, the photo-tubes moved towards the sample container, and the high voltage is switched on. The samples are measured at a temperature of about 6-8°C for a few 100 to about 1000 min.
As can be seen from table 1 and figure 2, the experimental detection limit is 1 percent modern (P = 97.5%, T = 1000min) for a sample con- With the use of the special measuring chamber, very low detection 1imits3 can be expected for 14C if large amounts of carbon are available and if large volumes of benzene can be synthesized in a simple manner. Arslanov and others (1968) give some indication that this has already been attempted. It may be worth noting that the direct determination of 3H in 75m1 of water mixed with 85m1 of Instagel scintillator (Packard Co) gave an experimental detection limit of 4 TU4 (P 97.5%, r = 1000min) with a calibration factor of 9.2 TUf cpm and a blank count rate of 10.4cpm. This is comparable to the theoretical detection limit of about 5 TU derived for the only commercially available liquid scintillation counter for large volumes, manufactured by Aloka, Japan (Iwakura and others, 1979 
